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Firing Characteristics of Eleciric Initiastors mede by the
Spragnetsl Process, HOI~20~Re2h-R22-5

slatora mude hy the spreymetal proces
have been investigatel for their varicus firing checedtoristics,
I% has beon Jound thet flor rapid pulse discharges the reguived
Tiring energy is & funcilon of the bridge volwmme avd the tins .
required to deliver the energy. The explosive periicls size

v

‘nust be suell te effsat ignltlon bub the lceding pressuvrs o of

Jesecr conseyuenca, A theory for the imitiatlorn of ewplosives
by pulze discnarges thoough a wire ig given and frem it thero
are calouleted the activation energles of lcad styphnzite nrd
lond amide. The wreprodocidility =f ipiiiztors rads by the
spraymnel r] proceoas Is diacussed, The requlred constent currunt
for firing is glwen as a Dunetion of diameter bubt is shown to
be dependent on bridgs longth alse, due to heat lost through
the briige ende. The “ime to fire this type inltistor s given
a8 & function of the encrgy ani theo mlse duration,

Thia meworapium is infenied mringrily for the use of FOL

personnsl engaged in the desipn of devices using low energy

initietoys of the sprawactal type. Fhile the dats reoscrded

herein are belleved 4o beo approvimately correed 1o mzgnitaude

and fairly ascourete incofar as they indicate Urends, they should

ot e regarded as sbaoluts. lany vefinerments in neasuring
teetmignes mve besn instituted sines & layvge mrl of thooe dala

were vocorded . 1duwite”lons sve notoed Insofar pe nongible In The taxl.

The worlk discasesd hercin inelvies contsributlons of & nuwber of
people octher than the authorz. Some of the mos? lrportant
contributora are the follewing: M. H. J. Flumlay, who ia
colnventor of the sprayweotel methad of anplying diridzes o
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from 7 ich rery cf the axperinente’ pethods were derived; Ur. C. W,
Randall, whose ingenuitly erd di1ligence wero largely instrimenial
) in reducing the process to practice; I!h. AL M. Syeles, who refined
the techniques and equipment for the atching of wire to the reoint
whero .0001 diamster and sneller tungsten wire were prcduced at
the UOL sewveral years tefore it was availatble commercially;

‘l
l!r. L. E. Sta!"r, !.h'. Jo No mﬂ, nrd Ilr. Fc :,- H&}’”Qrd' wke
devised, constructed, und calibrated instrumentation end apparatus
used in some of the experiments; I!tr, €. 1. Goode, who consbrusted
and calibruteld instrurnents and d4id mush of the experimentel firing.
Ref: (a) NOL¥ °696 = Method for the Fabrication of Low Energy Electric
Detona tors
) MOLI: 7115 - Detomatcr Piring by Condenser Diszcharge
o; NavOrd 90-46 - Theary of the Dotouztion Process (S-12635)
d) 0SRD=1986 - Determiration of Explosion Temperatures {(S=£247)
{e) Sci. Yol 79 p. 409, 193,
{T) &MF R, ho. 1CL.1N
{g) NOIX 1043% « Devizs Toy the Yeasurerant of Tlaez of the srder
of ¢ne misrosccond
(h} MOIIf 30398 - Peimer test et Mk 173 lod O
#nel:s (1) Plnter 1 throueh 24
(2) Tables 1 through 3
LHILRCDUCTION
o

i. Since the cvravnelel procenz (Refererce (e)) waz developnd 4o the
point where initiaters could Ve praduced in suifTiclent cusatities for

- statisticel exporisects, a vesdar of stuliza have hoon mads A€ the offects
of wariona factors uvporn the sensitivity or appareat sencilivity of
iaitiaters of this type. 3Soue of the studles were made for douign
purposes, cthers =28 prellinivary investipatioze of the hot vire zansitivid
of variocus explosives and shill othiers zp inveatipations initn firing
circuito ard fizing 2irsuit couporents. 4n atilenpt has beon mede hers to
asgatonatize the date in such ¢ ainer as Lo indicate proballa trendaz.

anglyvictlon sud Freporction

CENERAL
<. The electric injtimtors d iusasd n this menorendnm wers male Ly

the spraymetall process deacyibn] i detail in Referencs (a). By this <
tochininue epreyred wolten metal 18 ussd to angulf the bridge wire ends, .
exdi faxstan thom to the contuet pronge, and 1o simzliencously establiah .
tae trifge length by coverlng ‘he finitialor plug nose swface with etel
excent fer a8 rerrer strip whish has bves:: mmsiked v the edpe of a suillabie

0 shiw,, 26 length of the bridge approximaion the thickness o the aaiz ard
waare thie length 18 referred ‘0, tie valua given w312 be the shim tMlekrmearn.
AlTter Liidging, 2 clarge holder 13 assertlad ente the plup ol the

- -g'r'fc ive pezeed Anto place. RMate 1 S o dirygruematic skotch 27 the
Lriissne iaftictor. & fow chenges in des’za hove bean neda ninag Lhe
v " cutim of Refersnes {2) bul nono of Liew hag hesn found 1o a®fest 4
td

firing cheracleristics of the ‘nitirtare,
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3. Lot of thoa™Wiridpes voed in the tests raroriel hare wera wade Lo
o~ - ~ EY

iram enl etchod Wmgsien virs mrmchassd fren u.ie vestlinghioey Blacty
nrz? Hennfechuring Conpeny o% & acednel eiue of O0C2Y in, {8 3anctex
with weight par b.\it JTenpth repubedly held within 5,,» of the nomiral
value. This wvire was F'u:u!n'* raduced i dieceber et HOL by an avid
etohing technigue, Ths dirnster of the wire etehed at XCL w2z deltermined
by reslstanco pecsuranents. Snue of £ .e')o meenrcements have ooy chocked
by cenparing vith dlametars ¢bdaired using 2 projestior aisressopy «iGh
an overal I aagnificatlon of 1200 X, 'Inf-‘- reeivtonce merzas allowed lor,
vardious nominel Qiameters gre zhown in the Toliowing tabulstion

Ao .

Feminsl Diemetor Rezistange ‘longe
0.00014 in TLOW3ED ol s/’::. .
G000 in 280,500 ol .!u
0. 0000% in. WO-405 ©lue i_J

st

Bie

TN e —— T Bl i - . LI 00 Bel O e e o st o e
Toene dolerancon were based o the pectical Liqitstlicns Lapoaad by he
GuBiing prosesy et of the sxpacimenbre  I% wes hoboan EELTCR S

o e ’ % B -, . 4 ol s 1 . .o L . - - ’
far the bulk of the s —ardicuior bateh Lo rwn olose Lo ann of
3

the eotrones of the w ANB, @ id Lh comaliren oo red thal. the velues :
lawioabed J'le’xO vh Bhe eontlvs roange. For s reason, rosulls :
vhveined In ditfferent fesis asre wol eclwaye ddresoily compaxamin.,  When
an avestigntisn gsas mede of 2 paybiculss phisnonagon, I% wan the
meactics fo bridge all of the pluga %o oo osad awd Lo then randomise
Eivean bsf"&rw loadfng if the tesl wam to e of lowsding facbore, end aflex
loading when Diying conditdone were 4o be ltestsd.
travntniiog of Zxnloslven
da !.i-:xz:f s"n"rsne,.s AL T oia s
Inrge compared to the bitdgs qive dieme el siderating Hhnb
inhdse “\, '..”‘;11.53..i relman, i
shetually Lanogeidis barn ~vu
Fithoud Inlticting the nanlreary
do oind the eyplogivs. srell il
#il) vsiag 5732 in. #ie o '
2 sitapdurd Wwie nunes ho ¢ el
Inch 2l s peavter Insd Fre e
8 sreslial natal contals Lol ¢
ace inoide dlszetor g iz
o PR . o Y,:-ln a7 vey : A Gih )
in cttside dismebars. ! t .
Jart avinding e
A s : .-4- DO o :L. M ¢l 3 g3
L ognen o ‘:'g e L 2
eyl - : L3 BN o s . # -
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gtelnless stael balils, tho alumlmy: grinding hbttls and ths clileroiomm.
iiter ;rriu.s.m g, the wolesive ia drizd o & Bowxhpner funnel befovn wwaiing
-
Aoediog . {
= £, The eploszlivss are, in general, meas: ured with a scoop vhich hoids
rovghly Dlve n..xl_igulrm of lemi styvhnate., Tnes Ioading mesoure
epplied by mears of gn crbor [ross mn.if fled to indlicate the soree Ly
neans of' a lesf spring-diel dnlicalor arrenzement, Thils device is (
accurate to within 'bm oy threc pemtent, & grostor soror probatiy
results frem the frictlon of the »am in the fwael, ’f*'a dlanter of
the charge cavityr ig, irn nost cases 1/38 in. The usuald preciice 4 to
vge a dead load of LU.5 pounds, which p;;?vas & thenwebice) londing es g
of 3,400 poi.  Frlotionsl resictance of the oxier of one ’g'(,“h.z s which
probably Ls nat musual could thas eanve an =prror of z2bout den p’c’t’!"“f"
- That such errors are notv sericus nay "m zaer from doba appeatdng Sy o
later seoblon.
Drsting of fpiilatons :
6o The deying ol 'th- oxplosiye on g Bovolyer Tunnel is not convlar o,
The omall eaounlt of melgbers or other Lingod) which romeing 1o the
{u.;ﬂua?v** :"'.;fn‘.sx-,ﬂ the hand ity o oeeperiiss of the x-f;""“’z-f:'i*."ﬂ 3 peuind
raduees the Trizd i-:;\ gid atlatic pensitiv e vorvyye bhila rasnes ' oof
iChid the inittlotorm areg dried 0"-."01'33'3.(, L5, n ‘:-:J. 3 b4
experivents this waz done usinp eiveviehi o dor .ziz-", tut ‘?:u.st'
L sven wus wsed., o significant iffercencs wue nobted bhedwoey g3 &t
vacun dried laltlators. Th eome inedopeez the sopldositve g
the oven befers Iosdivg. Thore 12 no evkituee that his alise
i
Exparivgnied 2
3 Fizdng Linewih
Fo ok of the dat wined weliag e sizpls sondenson
Grochargs cleeuit o o sorasrger, &G o Joulile
varsw swuibch by whld oo b enil Preor dno power rupaly
which charges 1% i-o rapa whio BE; 3 Se
Fiste 2.} Ileall
shered in the :mz‘rﬁmzs‘-e? ina v
2 ""h; whepe |
ol wha initial
CZ’? yieee ¥
ideal eourvhe
(x} The o iz ovast o tie 3O Glelor and
ih) The o tnouegiigihle
* () zoe it remeins tlcosss sadil lbe afanificesnt
part of She < i
C {8} whe oo 1hietar i% oratan
L ]
The Lost of 4 S8 AT ON anT 7 y L #
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arxd thelr affeutes will be discussed La some deusil In a forilecwling
»encrt., A fey reunerks here mey be usefil In eviluaiing the tats wadel
? reperted in the preosaent renorandum.

Renistence Josnep

8, Although mrecnutions ave tuken to keep the ol “uﬁ' rosistance os low
as pessitlie, contact resistance in the firing chamber safely mterxoc:k, d-
and wericus other ocnnectiiones, amount in some cases to us vwush as 0,1

to 0.%7 ohms. Thus, for initistors whose rosistance is of the orxder ol
one nhm, the loss to extranscous resistunce 18 qulite eprreciable, Thoue
loasea are considerzbly reduced by the inczrerse In reaistance of the
bridgewire Quwring firing. The contect resisgtences mmy relucs, to soe
extent, whem heavy curyents ere flowing.

Suitches
9, Iie Ure-resictence function of the switebh durlsg the firzat alovo-
second after closure has been the susject cf rwch 2 pecu’ b, o1, It has
bzen pointed out thet the original eontuct aree, in most ocaces, must o
rather smll, Tha times here nx»e eo short as to prrelide the confident
use of even the Duwicnt 243 eecillogranh ia merswring xeslsisucs as &
fenetion of tine., Tas test In‘ormation .t herd vwhich gives some
indleation regurding the regritide of cnergy d-_,mp.zdx,u duo to wiltca
resist-nee js 4hat nncrz was <bialned hy veplacing the iniclator with
the heater of a vecuwmn thermocouple., The tncr socounie Arlvea & Grashof
flumetor. T deflection 31 Whe fawnoter her beon found 4o he
directly proportlonsl to GV 1 trdepondert of 7 oven foxr WO val:es as
low £8 a terdk of a mierosoced or less., Tests of thia klud have heen
nade wiing & wide verlety of swite he;s,, both commercially obbelined and
lavoratory fabvicated. A& mumbor of sultchee ware focund to have vory good
charactoristlca at low vollages, but %o give cecnsiconal Zow readingn
when e voltape waz Increared wich above 25 wolita or oo, These lor
roadirgn, vwhich may be trazecvle to pre-ercing in scme casca, and i
higi raafishuoooe filns lg others Sncweuse in Ircqum c7 of one JITENSI £U
e veltage 1s inorsssad, A vewnnm rlay bas been found whilch is
svidontly frea fran thiz offect ur to 3002 wvolis. r“mue'"‘ *h&l:kﬂ are
n*m’e of uhv Tfivdpg cireults, veing the vescum thomczouple wwld fiwmeivor

vl 16 is belleved thot sviteh In2ses are owell, in gaweral, ecorared
wi h the daviaticng of the firiup onergies which are goetad in the .
acconpinying Satla,

10, Hesd swiftichens thalter duriapg sloswre, lewsursrenis wera mede
the tino betwoen the Tirst elormie and itoe First apoening by neens of o
cathiode ray oscillogeapsn el i 4 was fomd thet this tise wes nipghis
revecdueinle for the sviteher ohidsn wovce ised. Gass wae helen o use

waltehen Lax vhieh this tise vas leng compered with the Liidng polse
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Cireylt Ieductaroe
A

13, Porhuns tho most serious defect of the.firing circuits usad to
obtain the datz herein reported is the inductance of the leuds,

. Congsiderations of sefety and ficccdbility have resulted in & general

 ciroult design which hee conelderably more industance then could be

realized in a speciel circultl with no safety feutures. 4 measurenmen'; of
a typiceal circuit showed the imductance to be 4.5 miorchenries. This
inductance might be sxpectel to have two effects: the loss of evexgy
by eleotromagnetic radiation and the distortion of the pulse shaps and
duration. The tests mentioned in paragrapn fows, avove, inlicate that
the rediation losses ars nogligible. However, the effoct of the inductance
upon the pulse shape and length may bs quite appreciabls. HNo work, to-
dete, has cast much light upon the effect of pulae shape but it has been
well established, both in the experimente hserein repcorted ard in those
reported in Reference (b) as well as Ly others, that pulse length can have
a very inportant nffect upon the energy requlrenont of an electric
mitmtOr;

Qanping

12. A oircuilt involving caracitance, resilstance, ard inductance mey be
elther overdampod, eritically damped, or wunderdsmpad. It car be shown
that ci_mgits ir the ¢iriticnlly danved and ovanlamped conxiitions

(where LR° is equal to or grester than one) daliver most of their energy

te the resistunce in a iime ejuiwvalent to RC but that underdanped
sirculta have time conatants pronorticnal to 1/R and indepenient of W0,

- The underdeniped dfscharge 18, of course, vseillatory and the energy is
delivered to the resistancs in savernl pulses,

Rreddge Resistency Chances .

13. Tha feregeing 1s a discussion of condenser discharge through a
conctant resistunce, llost of il.e fnitiastors discussed in thia mwemorandias
had bridges of tungsten which hae a high therma! coafficient of
reaistivity. The reak valuss have been calculstad to rozch eicht or
ten times the rosiatance at rcom temperzture. Ixperimeniz of several
tyres, which wi1l b deserived lsoter in this report, imlicate that tha
near effective recsistance of the tunguten dbridpes durdng Ciring ia of

he ordar of tun to thras tine: the eold recistance. Bolh the pends und
aean reslstances arve funclicns of the poudc tenparsiture whlch varies
appreciubly as wiil be msecn later. The subsititutisn of such a roan
effoctive realstancs is a umefu) spprowxincetion in estimating demping
coefficlents, time foctors, end impodapce metohes.

. Distributel Capacitenge

L3

1. Uio reasuroments have btecor nade of the dieslributal canscitances of

- the circults, wut evsn the Iargest ealimets i3 isss ithav 180 micromicra
farads which 1s neglipible conmared with the eonlsnsors usal in the Towst
dissussed hereia.
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Hring Cixeult Jwmary

15. A1l of the ebove devistions from the ideal oirsuit (except that
due to the diatributed capscitance, vhich is negligible) have gne or
both of two effects; the dissipation of part of the enerzy (CV</2) at
poiants other than in the initiator bridge, ani the increase of the
pulse length to periods longer than RC. The first of these does and

the last may inorease the apparent energy requirement of the initlator,
while neither can result in a decreese in this guantity. It can thus
be concluded that the energy requirements quoted are mot lower than they
would be under ideel conditions. The designer of circuits, if he knows
the output of his firing mechaniam, can be confident (with the exceptions
to be noted below) of obtaining at lesst the caloulated reliadbility of
a sircuit~initietor combination, but the probabllity of primers firing
on spurious signals impressed directly across the bridge is probebly
greater than might be cealuvulated from the date.

Thegreticnl Considerations

16, Vhile it ie not the purpose of this memorandum to attempt the
derivetion of a rigorcus theory of the hot wire initilation of explosives,
i1t might be worth while at this point to discuss some of thes factors
involved,

The simplest set of assumptions which might be made are that
(1) the explosive has a definite "ignition temperature" above whish it
will always initiate and below which it will remain unchanged, (2) the
firing pulse is very short compored to the cooling time of the wire amd
(3) all the enorgy in the pulse 23 delivered to the wire so that the
maximm temperature reached by the wire is the quotient of the energy
in the pulse by the thermal capucity of the wire, On these assumptions,
the energy required to initiate 2 ropegating reaction is proportional
to the volume of the wire for aystems of identical materiais but warying
dimensions and i3 indepondent of all olsciricnl varisbles, Theee
aasumptions are a rather good first approiimation for predictions of
performance within a limited range but the Pigmition temperature® assumed
must be much higher than those determinad by such standard procedures
as immersicn in metellie baths, dropping on hot plates, eto. Of course
it always is possible to menipulate the cheracteristics of tho electricel
oircuit so that the second of these asswmptions is true., The first of
the gbove assumptions, while useful over a2 linited range, nay be
misleading where order of magritude changes of wirc sise axe considered,

17. Consider a relatlively lorge masas of wxplcel o, a linited portion of
which has been raised to a high %ampereture compered with the larger
nass. If the material behaves in accox\i%s with the Arrhenius equation,
the reaction rate is proportional to Ze™~ where E is the activation
energy, R ic the gse conctant, T 48 the absolute tempereture anl Z is
the oollison nuwber. At most of the temparstures herein considered,

thernal logses csn be consideral to bz proportiongl to the termpernture

CCUFIDDNTIAL 7 HOLi 10772
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graodient and to fhe area of the surface through whish the heat 1s lost.
Por goometrically similar masses, the surface-volums retio 1s inversely
proportional to the size (one of the linear dimensions), Then for auny
given size of the heated portion, there will be a corresponding temperature
at which the losses just balance the heat generated by the resstion. If
the temperature is lower, the reaction will die out. If 4t {s higher,
the reaction will accelerate. From the above considerations, it is
obvicus that this aritical temperature is higher for smaller heated portions,
It can also be seen that the change in critical temperature with size is
smaller for explosives of higher activation energy (E). The case of a
spherical heated portion has been considered by Gemow and Finklestein
(Reference (o)) who have derived a diffarential equation whish was solwved
mechanically for a few points. The case of the long cylinder has not,
to the writers kmowledge, been solved. It was noted, however, that the
numtrical solutions mentioned above satisfy, very nearly, the equation-

nea =§§ﬁ~' + X (equation 1)
[+

which also is a close approxination of the solutfions to the one, two,
ard three dinensional cases of a finite nass of axplesive which is
brought into contact with an infinite reservoir of heat, where &

is a linear dimension, k is a constant, and T,k i3 the eritisal
explosion temperature (absoluts). This Suggegta that the sene eguation
might apply to the two dimensional transient case. Assuming this
equation to apply, a plot of the logarithnm of the diameter versus the
inverse absolute oritical temperature should give a stxraight line the
slope of which is equal to 1/2F times the activation emergy. Application
of this equation to the deternination of the activation enercies of lead
stypimate and lead aside will be given in a later section,

Ereoedure and Analyals

18, The tests upon which the data given in this report are basad were
made by the Bruceton method of testing which is discussed in more detall
in Reference (£). In the greater part of the tests recorded in this
report the initiator heing tested wns subjcoted to the discharge of a
vurisble condenner which was charged to 2 fixed potential:. The
caepecitance of the condensor was waried sc that the emergy deliverwnd
to the initiator was one o: another of & sexr'es of stops or eneryy levels.
The easentiul feature of ths Bruceton nethod of testing is tinat ecach
Initiator is tested at a single energy level ani the result of the

test recorded a8 a suscess or feilure oz the case may ba, If the trial
16 a failure tho anext infitietor 1s tes%ed at the next hipter level.

If a given trisl is 2 success the energy given the next initiator ia
that of the next lower lewel, The levels at which succesaswe initiators
aroe testod will flustuste aboot ths point at whieh fifty parcent of the
Initintors would fire. Plaic 3 is & reproductiorn of = typical comploted

COTFIDENTIAL 8 Noz 107
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tect sheot, Tte steps can be located soc that esither the energy wvalues
themselves or the valnes of some function of the encrgy, say F, are
equally spaced. If, for sach value of the energy used, the percentage
of initiators which will fire at this lewvel is plotted against F as an
indeperdent varisble a frequency curve will result. In carrylng on this
test one usually attempts to malke a choice of the funotion F in such a
mane* that the resulting frequenoy distribution is normal. This is
especially desireble if any attempt is to be made to study the variation
present as one must do if he is to estimate the aocuracy of his results,
In these tests the logaritim of the encrgy was selected as the fumetion F.
It seems reasonable to suppose that this cholce is better than that of
us Ing the en>rgy itself. The frequenoy distribution of minimm firing
energy of the initiators with respect to the energy itself would be
limited to non negative valuss and sinse the normal distribution curve
extends from negative infinity to positive infinity it is clear that
using the encrgy itself as the indepsndent wvarisble will not glive the
normal distribution surve, It also seems clear that the normalizing
function P should bes cne which tmnaforms zern energy into a negative
infinity and leaves positive infinity unchanged. The lcgaritim is &
function which has this charucteristic and has been used by many
investigautors in the fiold of explosive sensitivity measursm~nt for this
purpose, The results obtained in tests appear to support this choice of
variable, One such test was nade using initiators havirg a tungsten
bridge of 100 mioro-inch wire and loaded with lead styphnate. Betwsen
forty and fifty initiaters were tested at each of seversl levels. The
results of this test were analysed by the Probit method Reference (e)
using the epergy as the independent variable and also when using the
logariths of the cnergy as a normalizing function. The number of
initiators wvhich would be expected to fire wes computed on the basis of
each assunption. The fit wes tested Ly calculating the value of Chi
Square for each assumption. These resulta are given in Table I, The
values of Chi Square are computed from the Probit analysis as described
in Reference (e). If the predicted walucs given in the table are
ocompared with the observed values with the first three lower energy
values grouped together and the value of Chi Square is conputed the
result is 0,255 for the case of piediction from the energy iteelf and
0,082 if the logariilm of the energy is usad, Plates 4 enl 5 are graphical
repreassontations of the sbove calculations,

19. The Probit methed of analysis consists of a change of the dependent
variable so that the accumilaled frequency curve is changed Lroi em S
ourve to a strajight line if the frequency distribution is normal.  The
predistions shown in Tuble I aro mede by finding the equation of the
best fitting straight line as given by the theory of lewst squarecs and
then calculating points on this line.

20, For any sample which has bhson tested Dy the Druceton mesthod 4t e
possible to test the assimption of normalily. This teat has besn rpplied
to several such samplos and the results indicute that this assumpticn
is Justified when the loguritim of the energy is used na the indsperdent
variable, Plates J, 5, 6 and 64 are grephical renresentations of the
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atove caleviations, FPlates 4 and § giva the mipeciel Miring
nrcbebiiitien In toerms of peobits. Plates 6 an?! €A give the same
informsticn in tormas of percentsape, The upper and lowe: surves Zive the
65% confidence linits for the firing nro’r‘qhility. Theee curves correspaxl
with the 1imits given in Tsble I,

21. Recults of theze tests ere subject to sempling error as in any

nethod of testing. In particuler the estimate of the standard deviation
I subJeot to considevable error if the sample size i3 less than about
fifty. Since this 1s the case iIn many cf the tests reported here too

nuch confidencs cannot bs placed in the results, It is thought, however,
that the results given herewith are relieble us to orders of magnitude

and will prove useful as a preliminery sstimate of the quuntities involved.

22, Although an attempt was nade tc elininate all varianbles except
those being studied, this was not alwsys possible. Both the explosives
and the clrcuits used mey be affected to some axient By the weather
coniitions. The mapgnitules of any such offecis have nol been measured
but there is quaiitative evidence of thelr existeree. Sone commercially
obtainel wire is uniforw for a suificicnt length to erente the 1llusion
that continuous checking s unnecessary, sn illusion which has been
dispeilol, These lcgethor with sone of the other variabhles nentioned
slsevhers iIn thia memoranlim are probable reasons for the inhcungeniety
which waz sonctines chuerved among geeningly similiar lots of fnitintors
in some of the earlier oxperiwents, When a apenific effect was unler
stuly 1% was the wrencties to prepare & largs mmber of Initiators whioh
worve ranlomized down to the point vhere the offect to be studled cune
inte play., Thus effocts enn be gtuiicd which change the enerygy less
than the unaveldal:lse wsyrintions Delwesn lots.

fesults
Rinenglenal Fuclorg

23, Imitlaiors were made wlih Li-idge wives of a varlely of dirusters
a.:xi lengthe. The mean ensryr requiraments of & nunber off these, Yoeded
1th lec.d sitvrinate are Labuletel in Table I‘., anl masented graphisally
i.n Piete 7. '\t Pirat zlarce, the rcorraistior bebwaen thie volume of the
bridpe and the easryy reguirencat iz aprarent. Murther J.n'—mcuon "’",L‘
rovoal thal zmyiler wires, ws predieted by theory, have n higheyr eneriy
requirenent par nedt welvms than lasger wirer., The ap paant negll "lb""it,s
thise cf"mt fn Lhe resulis with the ‘Toshet 07 ‘uu {sec PFlate b)
mey be siirll ..t.rt to aither fzﬂr*""" mantol cxmor or Lo ineccuracy off the
agswndbion that bobkh samples of wire have tha aans rw!r*:&.\m" It widld
be noted that, _In atdition to the inoresss in a2nevgy per unlt volume
with the decrsoze in dlamotszr ns mradiciel by reachtion Woeilea, there
i3 en irersgase with rxiuction of lengthn, Thils may be at? ributel to &

munber of factors which opacte simltanonusly. Haat lossos thrvaph the

enis of the wire, rocr eontact betwaan tha spraymebal anil Ghe '»:'ilnr.\
and evtornel cireuit resisiance all contyitubte. The reis "vs Inporiay
o!‘ thoae fecters cromnnt be readily sssszied sincs thay ail operata in
the gnre direcltlon.
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Cireyit Factors

2. The energy requirsd to initiate an explosive by means of a hot wire
is a function of the rate at which the energy is epplied, unless it ia
applied in a time which is negligibly short eos compared with the coolirg
tine of the wire., This can be illustrated by the cbvious faoct that, if
the energy is applied slowly enough, initiation will never occur. Since
most energy sources are subjeoct to limitations regarding power output

as wall as energy per pulse, information regarding these relationships

is emssential to the rational desipgn of electric fuses, ete. Such
information is perhaps even riore important to the theoretical interpretation
of results. A nwiber of experiments were made in which the capacitance
for 502 firing was determined at each of a series of fixed voltages, The
results of such experiments are shown on Plate 9, It will be noted

that, for the larger two sizes of wire, the energy becomes independent
of the voltage abuve 14 wvolts. Data on the smaller wire beyond this
voltage becones somawhat lese reliable because of the small capacitance
needed, The shape of the curve, however, indicates that it will becore
very nearly perallel to the constant energy lines a short distance off
the graph, Similar results are plotied on other coordinates on Plates 10
end 11, Perhaps the olearest intermretation 43 that i1llus :ated on
Plate 10 whers a minimm energy and & minimum voltage are the asymptotes
of a hyperbolic curve. The eoffect of pulse shape has not besn investi-
gated but experinents with high inductance cireuits indlcate that results
for oscillatory circuits are analogous to those for damped circuits of
the same decay times, On Plate 12 is plotted energy as a function of
decay time, It will be noted that the results for demped and osecillatory
discharge make & good fit to the same curve. Although there are too fow
points tc be conclusive, the indication 1s that for mractical consideratiors
the pulse shape affocts the energy requirerent only to the extent that
it affects the time required to delivor the significant pert of the
energy. 4 rigorous theoretical approach would unioubtedly reveal a

more vomplex relationship. Experimeatal tschniques heve not edvanced <o
the point where such salculations could be checked.

&ffcctlve Resigtenge

25, Yost of the initiators disoussed hereln have tungsten bridges,
Tungsten, like mest pure metals which ars good conductors, has & rather
large thermel coefficient of resistivity. In the cases of the smaller
wires, the resistance corresponding to the calenlatsd peek temperanture
{on the basis of negligible hoat loss during the discharge) is of the
order of ten timee the cold resistanca. The .effective resistance is
obvicusly somewhere between ths cold resistance and this caloulated peak.
On the basis of neglipgible losses during the discharge, the effective
resistance should be very nearly midway between the cold resistance end
the peak resistance zinee the resistance %3 @ direct linear functiom of
the energy. Two different tyres of experiments wore mm to check
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these assunmptions, In one a variation on an wnbalanced bridge olmmetex
was srranged so that a vesuum thermocouple-fluwmeter combination could
be substituted for the gelvenometer. A calidbration was made with a
decade resistance as ons leg of the bridge with pulses of various magnitudes.
A number of initiators were tested using pulses of such magnitudes that
the initiators received aprroximately their threshhold firing energy.
The resistances measured in this menner were roughly three times the
cold resistances of the initiators. The other experiment consisted of a
series of Bruseton tyre tests as describded in an earlier section in which
fixed resistances were placed in series with the initiators. Test
conditions were varied in such a manner as to keep the RC timo as neerly
conetant as possible for all of the tests. The enexrgy requirement of the
syaten inocluding the initiator and the fixed series resistance was

found to be a direct linear function of the external resistance from
which the effective rasistance of the initiator could de calculated.

(See Plate 13.) This experiment yislded a value of 3,18 olms for a lead
stypinate loaded initiator with a tungsten dridge .00029 inches in
dismeter by .030 inches long. The theoretical coll resistence of these
initiators is about 1.1 ohm and the measured resistance {s usually of
the oxrder of 1.4 ohms, The calculated peak resistance is of the order

of six olms,

Explosive latexials

26, A mmber of primery explesive compounds ard mixtures have been
used as flash charge materialis. Results cbtaired with a number of those

* appear in Table III. It will be noted that, although the materials are
listed in the order of decressing senzitiwity with the smaller bridge-
wire, the velues with the larger wire inslude e number of inversions of
this order. These are mredicted by ithe theoretisal considerations dis-
cusgad in paregraph 16. (n Plate 14 more detsiled iata for lead azide
and lead styphnats are plotted according to equation (1) which predicts
that the slopes of the lines are equal to ] times the activntlon energies.

2R

The activaticn energies for lead styphnate and lead ezide determined
from the test lines cbtained by the method of least squares are

57,300 and 21,775 zalories per rol respectively as compared with Henkins
figures of 53,800 and 21,200 cali per mol. (see Reference (d; ) This
rether olcse a ent, taksn alone, would tend to sonfirm the valldity
of equation (1), Thers are, however, a nuuber of recsons to belisve
that the agreement 1s colncidentied. MNove closely controllai experirents,
for esample, whereln a number of the indeterninete factors irhesrea® in
the elentric initiatcrs of the construction discussed lierein arc greatly
reduced or eliminated, give much lower mctivation enerzies. These
eocperinents indicate that the mwost important of these factors are
associated with the low lenzth/iiameter rutio of the larger diameter
bridgewires. These factors (external lcases, amd effaects, ete.) temx'

to incroase the energy requirement of the larger wires more, proportionally,
than the smaller wires, If neglectad, these Tastors tend to decrenee
the appurent ftemperature differential botesen different sizas of wire and
hense increase the oaleunlatad activation energy.

COUFIDIITIAL 12 nOLW L0772




COIFIDEIITIAL

27. 0On Plate 15 tho mean energy requirement is plotted as a funoction

of the bridgewire diameter for & few explosives. It will be noted that
the temperature corresponding to the mean firing energy farr lead styprhaate,
which, according to Henkin (Reference (d)) has an activation energy of
58,800 oalories per mol, varies much less with wire diameter than does
that for leed aside (E = 21,200) and mercury fulminate (E = 20,200).

The assurance with which FPlate 15 can be relied upon for the mredistion

of results is ivdicated by the points for lead styphnate which are
numerous enough to give some idea regarding the spread to be expected.

Mixtures

28, A cormon additive to mrimary explosives is potassium shlorate.

A mmber of experiments were run to determine the sensitivity of such
nixtures as a function of the percentage of potassium chlorate, The
results are plotted on Flate 16, It will be noted that, in the case of
diasod{nitrophenol, the most sensitive mixture for .0001 inch wire 1ia
quite different from that for 00029 inch wire, Thus, as might be
expeoted, the activation energy evidently changes with the proportions
of the mixture., Perhaps the most striking feature of the curves on
Flate 16 is their dissimilarity, vhich indicatee the impracticability
of making any predictions at the present stape of the investigation,
The lead thiocoyanate - potassium chlorate mixturee are, of cowrse
nixtures of two non=explosives.

Exnlogive Frevaration

29, As previously noted, it has been found necessary to grind the
explosive in a ball mill, Sinco no equipment wes available for the
measurenent +f subsieve particles sizes of privary explosivesn, an
experiment we." run to determine the relationship between milling time

and sensitivilty, Tho explosive used was lead styphnate loaded at 3400

psi and both 0001 inch and .00C'9 inch tungsten wire were used

(.030 incher long). The rosults are presented in the following tebulatioa.

ﬂﬂlgi:g-}-o %MW%W:
2 1160 ~ 1235
16 17719 1030-1095
48 158-179 902-1015
112 149-162 895-946

The values given are the fifty pervent flring energles plus and uinus
their atendard deviations, This experiment wes run while the glazss
bottles nrevinusly referrel.to were still in uss, It will be noted that
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the sensitivity inoreases with grinding time, The explosive wes wet
with chlorofora during grinding. The data are represented grupnically
on Plate 17. A rether surprising soquel to this experiment was one

in which the same explosives were loaded after standing in the chlorofory
for eight or nine days after grinding. 17ith ,0001 inch bridgevires the
values obtained with materinl which had been ground 16, 48 and 112 hours
were 160-173, 15/~171, and 162-172 respectively. The milling time had
no sipnificant effect upon the sensitivity, where the material was stored
under chloroform for several days after grinding. Although there hes
been some speculation regarding the reason for this behavior, the correct
explanation is in doubt,

Jeading Presgure

30, A brief experiment was run to determine the effect of loading
pressure. The results are resented graphically on Plate 18, The
increase in energy requirement with loading denaity is too small to be
of importance from a practical point of view so that ruggedness oconsider—
ations, etc., should be the controlling factors in the checice of loeding

pressures,

Senrodusibllity

31, 7 utmost importance to the designer considering the use of the
low energy sprey metal type primer in his fuze designs is the
reproducibility in firing characteristics that cam be expscted, This
is perticularly trne in fuzes where two primers of different energy
requirenents are utilired in the same fuze. Tables IV end V show a record
of a number of tests conducted over a three year period. From this
an idea of the roproiucibility and the spread of firing energles can
be gleaned, However, in surveying these tables it should be kept in
mind that during the pest three jyears there has been consideruble
improvement in firing equipnent such aa swiiches and firing chambers
end in the resistance measuring technique for ths reduced diameter
tungsten wire, Hence if these factors have led to less circult loases
and more uniform primers, the most recent primers should show lower
enorgles and less spresd. -In commenting on the results obtained with
the Tophet<C wire it im pertinent to remark that the 139 ohm/in, wire
used in the more reccent primers wes not entirely uniform. As the spool
was usad, the resistance beceme higher and the {iring energy of the
};ﬁged priners became lower indiceting a gradual reduction of the wire
etor,

Initiution Jines

32, Ueasurements have been made of the time intermls between the
firing pulse and a signal received from a probe which is outside of
but close to the outpt end of the initiator, 1!fost cf thesc measure-

nents were made in cennection with specific problems in the apvlicstion

C O INENTIAL 74 RO12! 20771




GONFICENTIAL ) 2

of the initistors so that the deta are somewhat spotty and disconnecied,
The time nessured includes the time taken for the disturbance o reach

the proba anl for the timirg device to rospond as well as the time hetween
firing pulse and explosion, Two different probe systems (showm on

Plate 19) as well as two types of timers were used. The data obtained
vith one arrangemont nay not be directly comparable to thcese obtainad
with another.

33. The data plotted on FPlates 20 end 21 were obtalned using the
arrangement shom in Figure (1) Plate 19. Those on Plate 2C and the
lead azide data on Plate 21 were obtained with a vacuum thermocouple
timing circuit similar to that described in Reference ig). The data on
Plate 21 for initlators with leed styphnate flash charges were obta‘ned
with a Potter Counter Chronograph. The data plotted on Flate 22 were
obtained using the arrangement shown in Figure /..) Flate 19. In
obtaining these data a Potter Timer was used with amplifiers aimilar to
those used with the timing circult described in Reference (h).

34, It will be noted that the initiators with leed azide flash charges
are much fester than those with lead styphnate flash charges although
previous sections have shown lead azide ts be much less sensitive. Thia
is In apgreenent with the generasl experience that reactions of lesd azilde
grow to detonation mith very short burning per’ods if any at all.

Copstant Surrent Firing

35. Although & large number of firing mecheanisms for electric primora
accomplish the firing by en encrgy surge {such as a discherge from e
chargad capacitor) through the mrimer bridge, it is of‘ten of interest to
know sanething of the current firing cheracteriztics under conditionz of
negiigible chanpe of cwrrent with time. It is fairly obvicus, for
exanple, that during the course of fabrication of eslectric vrimers the
priner reaistance must be taken an a quality control, and this usually
invoiveas the pessage of current through the oridge wire while it is
surrovnicd with eensitive explosive. An inquiry into the flring
characteristics of primers under constant current pazsage would indicate
anong otner things, the maximw curreat which oan be sefely used in

Such testSQ

36, If one considers 2 wire of diameter D, reslstance, R, and

length, 1, paszsing a steady current I then the energy inru% in & urit
time {11'be glion by TR and this will be expendsd by useful heat
conveyance through the wire's poripheral surface an? heat lost threugh
the wire’s end surface. If the heat loss throvzh the wire's ewis is
neglected ane 8y writs:

Equation {2) 125 a ITDICL/A *

where ¢, is a surface conductivity fector anl 4 T
the temnerstuse drep betweeon the wire and the amlosiva,

Subasts tuting for R its equsvalenl valuo of 3.% vo cbtain T kKl =T OLC AT
b, U«

or AT =1

35
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Asswiing tha® the evplosive btesz & conziant Ignition te t:—em’cu*o, then
the throchiicld fiving cirrent shouid equal: Ip =2 Ky Prat gsuch

& simple relationship does not exist for rmnnm of very sm&l}. bri«.ga
length becomas ppparent from an ainelysia of exporimentsl debta steh sz
that plottal o Plate 23. The £ifty percent firing point for each
disneier and langth wes obtained uaing a "Bruceton"™ Lest procaiurs
Involving beotween 40 and 50 egmples for eoch poin® plotted. Current
pascege wes malntained f’or a periol of 10 cecords belfore & shot waa
called a fallure.

37. Fror Plate 23 one nay deduce that there is considerable heat lost
through the wire ends; i this wes ‘e not so the eurrent for firing should
ba 1ndepcnior.t of the bridge length (the power fnput per unit length of
bhridee i LZmieposrdeni of tho lenruh ag lengith amd resistance asre direotly
proporticnal). The fuct that bridgsa ¢f the sare diameter but differont
length requize different cusrants is etisibutable to differesut heoil loss
throvglh the wire ends. Yt sheuld ba noted else that gs the bridpge dlencter
ts lzrger She end losses aloo get Jarger {the curves diverge). This
effect is in agrcemernt with the apoctations besausne the ratlo of the

end arex Lo the surface area ( D"‘ 21 ) for a given length
7 abi 21
inorensos wito & Praqsing Rdlanetor.

38, Tf equation (2) is madifisi to sccount for ent lossea we obtains

e¢.(3) I8 ¢ - ,}31 DL OT #+ ~l¢3 D?’&T'
-D’L

DT = %' L z'é o=
’%3 D"L‘f' 41‘-031'

This enuetlen et rwesent would be extremely difficult to gelve Tor
savers) Yersons:

o

(1) The wire teuperrture Jue exniosion i an uimem Nancticr of
the ‘.:. ssartar,

(@) 3, the vesiebivity of the wire mulerial ard kr, 1o thermal
cerrluativiZy ars funcitions of the Semperature,

(3) The relation betwaen the murfuce coefllcient of heet Lvuncfer
betueen tho wire and the aiplozive (;«.p_,. sm‘ thes ’t.o'rem‘uro i not kmomm
and nay be laporisot., ¥y way nleo be & fineiion of tine.

Porhaps <cta of sacther type, sich as the energy for fiiing by condonsar

T . - s R S - < J L 1
et loeng 0 tlmes, or a masunrc of the tise Yo flrve alonpy it the cuvrrual
o f= tnler sonstant corren? Plrians comiitionzs oy be soubinel do
GO ST IAL WA
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yield a solution for the quantity T in the above eguations and a
value of R for the primer. Until sush a time equation (3) is of

2} interest.only. %he data presented on Flate 23 are plotted
in a different fashion on Plate 24.

COC LUSICNS

39. The conolusions which can be drawmn firom the data discussed adbove
are sumnarised belows

(1) Thai the threshold energy requirement of elootris initiators is
roughly proportional to the volume of the Dridgewire. For minor adjuste
mentes this iz quite precise.

(2) That, to effact initiation of explosives, small dismeter bridge-
wires must be raised to higher temperatures than larger wires, . This
effoct in wore pronounced for some explosives than for others,

(3) Thet the threshold energy requirement is inversely rolated
to the rate of delivery of energy except where the energy is delivered
in a very short time. An initiator, of 100 mioro-inch dianeter wire
which will fire on an energy of the order of 100 ergs must have this
energy delivered within about 5 mieroseconds. The shaps of the pulse

' apparently has little effect,

(4) That an incresse in either particle sise or loeding density
will increase the energy -requirement, the lattar only slightly.

(5) That the addition of potassium chlorate will sensitise some
exploaives to initiation by a hot wire.

(6) That the steedy state current ssnsitivity of fine wire, short
bri.age length initiators, does not change as rapidly with bridge diameter
as does the pulpe enargy sensitivity. The latier varies practically
directly with %:e wvolume o quare of the diamoter while the former
varies with about the 3/2 power of the diameter (see slope o Plate 24).

(7) That the fastest initietion is not recessarily obtained with
the most sensitvive explosive. lead szide, which {2 one of the mort
insensitive materials tested, fc by far the fasiest, when initiated
with o sufficiently vigorous pulee.

40. - Fone of the above atatements is particnlarly startling, Host <2
then are prelictsble from relatively simple basiec considerations or had
been detarmined for other types of electric initiators ia the past.
The principles which govern the performence of spraymetal elestric
initintors ere tha samo as these which govern that of all wire bridge
initietors. The advantage of tha spraymetal process 1s that 4t glves
tha designer an wnpressiented control of the factors which, in twen,
eontrol perfortancs,

COUFIDENTIAL iy NOLS YO774




CONFIDENTIAL

4), The dats presented herein do mot, in general, refer to initiators
whioh are ready for releese as practical fuse eomponents. For the
designer of fuzxes this memorandm gives some indication of what
charscteristics might be expected of electrio initiators of this type.
For the designer of mrimers and detonators the information herein can
be used as a starting point in the develomment of a new item, The
eonsiderations discussed in this memorandum are obviously only a feow
of those which must de taken into account in the design of a device
for use in ordnance. Other considerations, such as surveillance,
conpatibility and wmechanicel ruggedness, and the incorporation of the
initiators in primers amd detonators, are left for future msemoranda.,

R. STRESAU

RS sIX:IDH/ces
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CONFIDENTIAL PLATE 2
CONDENSER
o
POWER PRIMER
SOURCE
O ] I O-
SWITCH

CIRCUIT FOR EXPERIMENTAL CONDENSER DISCHARGE
FIRING OF LOW ENERGY ELECTRIC PRIMERS
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CONFIDENTIAL PLATE 9

CAPACITANCE REQUIRED FOR 50% FIRING VS POTENTIAL
.FOR ELECTRIC INITIATORS WITH TUNGSTEN WIRE OF
VARIOUS DIAMETERS. FLASH CHARGE - LEAD STYPHNATE
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CONFIDENTIAL PLATE 24

VARIATION OF FIRING CURRENT
WITH WIRE DIAMETER

SPRAY METAL PRIMERS USING TUNGSTEN WIRE
WITH LEAD STYPHNATE FLASH CHARGE

190

T3

-

CURRENT (MILLIAMPERES)

"L—-“nom LENGTH

100 125 150 175 200
DIAMETER (MICROINCHES)
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Enor,
(Ergs

%

89
105
123
145
170
200
234

o-aie adal

B

FRUDICTED TC FIEE CfF BASIS OF LOG TUERGY COUZARED WITH
PREDICTICH G BASIS OF ENERGY

Iog E Rumber Ieibey Predicted Firings
Tested Fired From log £ Frem Prorgy
1.88 45 o 0.2 2,0 9% 5a
1,65 42 R 0.8~ 4.6 1.9 6.9
2,02 42 é 3ed 9.3 44 10.6
2,09 43 16 9.5-16.4 8.8 15.6
2,16 49 24 21..6-29.7 19.5 27.5
2.23 X 28 25.4-31.6 23.8 30.3
2,30 37 33 29,8-34,.7 29,7 34.8
2,37 AT 39 27.3-40.4. .1 L0
Chi Squere 0.3% 5,022
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CONEIDUTIAL

TABIE II

MEAN FIERGY REQUIRIITFMTS OF EILECTRIC IIMITIATORS .7ITH BRIDGES
OF VARIOQUS DILENSICIS

Explosive-lead Styphnate* Preperatiocn-iflled 16-2L hrs

Resistance

Diam Length Yol.(V) Wire Initiator Katerisl Fnergy Q/F

(1141s) (1143s) (Cyr.ri1s)¥ (ohms/in) (ohma)w* Req.(Q)

(exgs)
<065 3 0.3 650 2 Tungsten 1% 887
0095 10 0,090 300+ L " 57 632
-087 15 0.1 300-400 4.5 ® 86 757
«095 30 0.27L 300+ 9+ » 145 535
»100 30 0.300 275 3,25 e 185 07
<135 30 0,547 145 4Lo35 " 290 530
.168 30 0.847 97 3 = 370 437
«290 10 C.341 35 0.35 " 400 415
0225 30 .52 54, .6 " 760 500
2290 30 2.2 35 1,05 $50 376
o450 15 3.04 241 3,60 '.l'ophot e %1600 6
450 30 6,08 241 7.2 2600 428
100 30 300 50 10) % 13w0 433

# A oylimirical mil i the volums of a cylinder ons mil long by oze mil
in diameter.

# The firat (11 erg) initiators shown on the table were loaded with & 60/40
mixture of lead thiceymnate]rstassiuw chlorete. No figures have beea
obtained for lead styphnate with this size wira.

*% Celculate cold values are given, neasured wvalnes are somenhat higher,

use Topnet "C¥ 18 an alloy similar to lichrome. There are, of course,
tolersnces in the compositior wiich resuit in variations in miut.iv-lty,
The dinmelers given are caleuluted on the rasis of a resishivity of

COUPIDENTIAL ROTat 10772




TeBIE III

. AN ENPCY REQUIHENISITS OF EIFCTRIC TMNITIATCRS LOADED IITH VARIOUS FLASH
CHARCE EY.PLCSIVES
" Tungsten Bridge 50 uils long
MEAR
EXPLOSIVE ENERGY REQUIRTIENT (RRGS)
0,1 mil Diam 0,22 mil Diem.

S:lwvar Acetylide 95 -
Lead Thioeyanate/Totassivm Chlorate 40/60 100 o
Tetracene 115 450
Lead Styphaste, Basic 125 730
Cuprous fcatylide 125 7508504
Lead 2,4-Dinitreresorcinats, Nowpel 125 1175

, lasd Styptmwate/Potassiun Ghlovate ¢0/10 150 790
Lead Stypinate 16020 5%+ A5 2GTHwA
leed 4,6~Dinitreresorcingte, Basie 180 1340

) lead 4, 5~Dintitroresercinate, tormal 100 13100
Imad 2,4-Dinitroresorcinate, Baric 210 31209
Vercury Fulninute 230 765
Dfazodinitrophenol/Potasstum Chlerete #75/25 260 1030
isad 2 NKitwsoresoxcirate, Normel 3 1249
Izad Azide 340 eat 1 1340
NDiazcdiniteopherol/Potassium Chlorete #50/50 460 250
Diazodinitvephencl/Petesasiim Chlornte #90/10 450 1239
Giezodinitiophanel £ #n 2300
Ieed R Nitvovescreinate, Jusic * 2265
%Less thar 50% fired at any cnorgy used,

#Eyridge burned oul without fiving IDUP,

«*T¥These vaiues ere crtrenes batwean which the reane of aeveral hatsiios of
G eliphtly different preparaticn lde

£Thie diazodinitrophesol was rmthesr old stosk, very derk in colo» o
probably contained an anpreciable :tacunt of dzcorpnsition proincis.
#4Valse intermlated fyon e praph viish ssntaira resuits obieine wiih
Loth lairger and asmllor wive,
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